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Stroke is the third leading cause of death in developing countries among population above 60 years old, after heart disease and cancer. Approximately, more than 80% cases of stroke is ischemic and the rest is hemorrhagic. 1, 2 In Indonesia, stroke is the first leading cause of death. 3 It is not just an elderly disease, but also affects young people. Stroke causes both physical and psychological burden for patients, families, and communities. The impact of this medical issue economically results in the decline of productivity and economic capacity of communities and nations. [1] [2] [3] [4] Mechanism of brain injury after ischemic stroke is a complex process and is concomitant with inflammatory process that involves neuronal cells, glial cells, endothelial cells, extracellular matrix, and peripheral leukocytes. [5] [6] [7] Post-stroke outcome is not solely determined by pro-and antiinflammatory cytokines, but also by neurotrophic factors released in acute stroke as a result of neuronal injury. After cerebral ischemia, neuron plasticity is once again triggered on surviving cells to compensate the dead neurons and support the function of the damaged ones. The mechanisms underlying neuronal plasticity are dendrite reorganization, axonal sprouting and activation of endogenous pluripotent cells which are able to differentiate into neurons. Angiogenesis and arteriogenesis are the major processes of vascular plasticity. After an ischemic attack, angiogenesis is necessary to provide new capillary and increase blood flow to regenerate the suffering cells. 8 Vascular endothelial growth factor (VEGF) is a vascular permeability factor, a major protein that induces angiogenesis in both normal and pathological conditions. VEGF binds to tyrosine kinase receptors, vascular endothelial growth factor receptor-1 (VEGFR-1) and VEGFR-2 / kinase insert domain receptor (KDR) / fetal liver kinase-1 (Flk-1), and mediates intracellular signals for cell growth and cell survival. 8 In the brain, VEGF is produced primarily by neurons, vascular cells, and astrocytes. Following ischemic stroke, hypoxic condition induces VEGF expression followed by fibroblast growth factor (FGF), angiopoietins, transforming growth factor beta (TGFβ), platelet-derived growth factor (PDGF) and tissue-plasminogen activator (tPA). 9, 10 Previous studies reported that the VEGF serum level in acute phase of stroke (within 24 hours onset of symptoms) is associated with infarct volume and a better prognosis in three months. Plasma VEGF levels increase immediately after the onset of ischemic stroke in all types of strokes up to 90 days. 11 Although it seems to be constructive in long term, this response may contribute to deleterious edema formation during the acute phase of ischemic stroke. Several studies showed that VEGF contain an unfavorable effect towards outcome. High VEGF in acute ischemic stroke correlates with cerebral microbleeding. 12 Early post ischemic administration of recombinant VEGF to ischemic rats significantly increased blood brain barrier leakage, hemorrhagic transformation and ischemic lesions. 13 This study aimed to explore the role of VEGF in the pathomechanism of acute ischemic stroke and its role in predicting clinical outcomes.
METHODS
This longitudinal cohort study was conducted from August to December 2014, in Siloam Hospital, Karawaci, West Java. Patients with acute onset (<72 hours) of anterior circulation ischemic stroke, were closely observed for one month after the initial stroke. Patients with history of previous stroke and thrombolytic therapy, decreased liver and kidney functions, congestive heart failure, acute myocardial infarction, and pneumonia were excluded from the study. Magnetic resonance imaging (MRI) was performed at admission to confirm the ischemic stroke and to assess cerebral infarction volume. Formula ABC/2 (mm 3 ) was used to measure infarct volume (A:length; B:width: C:number of slice).
14 VEGF serum levels were measured with human VEGF immunoassay Quantikine ® (R&D Systems, Inc, USA) within 72 hours and on day 7 after stroke. This assay employed the quantitative sandwich enzyme immunoassay technique. A monoclonal antibody specific for VEGF has been pre-coated onto a microplate. Following a wash to remove any unbound antibody-enzyme reagent, a substrate solution was added to the wells and color develops in proportion to the amount of VEGF bound in the initial step. The color development was stopped and the http://mji.ui.ac.id intensity of the color was measured at 450 nm wavelength.
Clinical outcomes were assessed at hour-72, day-7 and up to day-30 after stroke using National Institutes of Health Stroke Scales (NIHSS). The severity of stroke was evaluated with NIHSS and they were categorized as mild (0-3), moderate (4-15) and severe 
RESULTS
In total, 64 patients aged 37 -89 year old (mean of 58.8 ± 11.3 years) met the inclusion criteria of this study, consisted of 46 (62.0%) males and 18 (29.0%) females. The largest group of age was 46.8% in the range of 50 -59 years old. About 93.8% of participants had history of hypertension, while 76.7% of them also had lacunar anterior circulation infarct (LACI). About 59.4 % of subjects had a moderate NIHSS score (4-15) on admission with an average score of 5.2 ± 3.7. On day 30, we found 89.5% of subjects had a mild NIHSS score (0-3). There were only 16 patients evaluated for VEGF serum level on day-7 after stroke (Table 1) .
Mean VEGF serum level at hour-72 was 5.84 ± 0.736 ng/mL, and on day-7 was 5.797 ± 0.96 ng/ mL (p > 0.05). VEGF serum level at hour-72 had a significant correlation with NIHSS score on admission (r = 0.264; p = 0.035) ( Table 2 ).
There was no significant correlation between VEGF level at hour-72 with NIHSS score on day-30 (r = 0.156; p = 0.217). VEGF levels on day-7 (5.797 ± 0.96 ng/mL, n = 16) was significantly associated with 30 days clinical severity with a value of r = 0.518 and p = 0.040 ( Table 2 . Correlation between VEGF level and NIHSS score day-7 can be categorized as "increased" and "decreased" (Figure 1 ). T-test was then used to see the difference in NIHSS score on day-7 and -30. In this category, the group with increasing VEGF serum level (n = 9) tended to have milder clinical severity than the group with decreased VEGF level (n = 7). NIHSS score in both groups were 1.33 ± 1.22 and 3.001 ± 3.78, respectively; p = 0.232) (Figure 2 ).
This study also explored correlation between infarct volume, Bamford classification, and clinical outcomes 30 days after stroke. There was positive correlation between infarct volume June 2015 Figure 1 . VEGF level at 72 hours compared to NIHSS score 30 days after stroke Figure 2 . NIHSS scores at day 30 after onset in group with increasing (n = 9) and decreasing (n = 7) VEGF level Table 3) .
DISCUSSION
VEGF showed a dramatic increase in serum of stroke patients with highest expression occurred on day 7, and it remained significantly elevated at 14 days after stroke, even after 3 months poststroke.
11,15
Lee, et al 16 reported a relationship between elevated serum level of VEGF and infarct volume, and the highest level of VEGF was found in large vessel disease (LVD) stroke. Moreover, he also found that the high VEGF serum level in 24 hours post-stroke was related with more favorable prognosis in three months follow-up. This study seems to show different result, as the high VEGF serum taken in acute phase of stroke was related with more severe prognosis (r = 0.264; p = 0.035). This could be explained by result of Matsuo's study. 11 They found that the VEGF serum level in acute ischemic stroke was higher than control, this elevation continued up to three months after onset. It is interesting that VEGF level varied in subtype stroke according to TOAST (Trial of Org 10172 in acute Stroke Treatment) classification of ischemic stroke type. There was a positive correlation between VEGF level and clinical presentation within three months after onset on cardioembolic infarct subtype and lacunar infarct. On the other hand, a negative correlation was found in atherothrombotic infarct subtype. In this study, VEGF serum levels taken within 72 hours post-stroke were positively correlated with early clinical presentation within 72 hours after onset (r = 0.264 and p = 0.035), and also have positive correlation with 30 days outcome (r = 0.15 and p = 0.217). Whereas VEGF serum level on day-7 after ischemic stroke had a positive correlation with 30 days outcome (r = 0.518 and p = 0.04). Referring to Matsuo study, 11 the positive correlation between VEGF and 30 days clinical outcome, might be caused by lacunar infarct (LACI) happened in majority of the study subjects. (Bamford classification).
After acute stroke, VEGF expression appears within six hours in response to hypoxia along the ischemic area. 17 In vivo study shows that introducing intravenous Vascular Endothelial Growth Factor-A (VEGF-A) two days post-stroke would induce angiogenesis in penumbra and help neuron recovery due to ischemic process. 18 Intraventricular VEGF antibody had shown negative impact in increasing infarct volume in post focal cerebral ischemia mice. 19 Topical and intramuscular VEGF had also shown that infarct volume and edema was significantly decreased in medial cerebral artery occluded mice. This revealed that VEGF has a neuroprotective effect.
This study revealed that subjects whose levels of VEGF on day-7 increased compared to levels at hour-72 led to the better NIHSS score at 30 days after stroke, and subjects with VEGF level on day-7 decreased compared to the level at hour-72 led to worse clinical outcomes (see Figure  2) . Although this is not statistically significant, this phenomenon supports earlier statement that VEGF was believed to play a key role in angiogenesis and neurogenesis after stroke.
It could also be explained that VEGF serum level in acute phase reflected the brain response to hypoxia degree and neuronal damage, whereas VEGF dynamic change showed VEGF role as neuroprotector through angiogenesis and neurogenesis processes. We deduced that the clinical outcomes did not only rely on high VEGF serum level in early phase of stroke, but also on its dynamic in acute and after acute-phase of stroke.
We evaluated correlation between infarct volume and Bamford classification with clinical outcomes. Infarct volume measured at hour-72 post-stroke had significant correlation with clinical outcomes at day-30 (r = 0.382; p = 0.005). This is similar to other previous studies. 20 Bamford classification also had correlation with clinical outcomes at day 30 after stroke (r = 0.243; p = 0.053). In this study we found that VEGF was the strongest clinical predictor on day-30, compared to the infarct volume and Bamford classification with an OR = 6.5 and p = 0.034 (95% CI = 1.15-36.61). (Table 3) Limitations of this study was the small sample size, and there were 48 patients not measured VEGF level on day-7 and no measurement of. VEGF level on day-30.
In conclusion, VEGF levels in the acute phase of ischemic stroke can predict the degree of brain damage. The dynamics of the increase in VEGF levels after stroke correlated with improved clinical outcomes. Further research on neuroprotective role of VEGF in post-stroke recovery may open up opportunities in the management of post-ischemic stroke patients.
